Abstract. IBS precast concrete is construction system which is meant to improve the conventional construction process. However IBS precast concrete projects are suffering from serious problems such as cost overrun, delays and less quality of the end product. The absence of coordination is perceived as the reason for this issue. The purpose of this paper is to review the significance of coordination for IBS precast concrete in the construction industry. It if found that the fragmentation which occurs in the construction industry requires continuity of coordination due to the construction activities are intertwined in nature. Coordination is designated to assist stakeholders in completing and complementing each other with the paramount focus of achieving the objective. Proper coordination is required in delivering the desired construction product at the ideal time, cost and quality. As for the findings, the significance of coordination for IBS precast concrete can be seen through the precast concrete construction phases which consist of planning; design; manufacturing; transportation and installation/construction. These phases are meant to complement construction process with the purpose to reduce issues of fragmentation and enhance IBS precast concrete project delivery.
Introduction
The construction industry is mostly characterized as a labour intensive industry, which comprises of several wet trade activities and hard labour conditions. Therefore, it is always facing with problems such as delay, cost overruns, low quality, poor safety records as well as environmental impacts [1] . Industrialisation has been viewed as one of a good method for providing solutions for problems mentioned above in construction [2] . It refers to the rationalisation of the construction process by promoting off-site manufacturing [3] . Industrialisation process comprises of investment of equipment, facilities and technology with the objective of maximising production output, minimising labour resource, and improving quality [4] .
One of the principles of IBS in construction is precast concrete. Precast concrete is a construction system in which the concrete will be casted in the mold and then cured in a controlled environment, transported and assembled to produce the structure [5] . The components of precast concrete are produced under laboratory condition using high technology of machinery and computer aided system to meet high quality and durability of the product [6] . By these processes, the quality of precast concrete is known to be more reliable and accurate compared to in-situ concrete construction.
Precast concrete system offers several benefits such as reduce waste; encourage recycling construction waste; reduce construction site cost; improve site safety; enhancing quality under factory production; process standardization; shorten lead time; leading to environmental protection and sustainability; as well as improves construction performance [7] . In addition, precast concrete also contributes to sustainable practices by incorporating integrated design, using materials efficiently, reducing construction waste, site disturbance, and noise [3] . These arguments have clearly recognised IBS precast system as the way forward to improve the conventional concrete system in Malaysia.
The performance of the precast concrete system nevertheless is much dependent on comprehensive coordination between various relevant parties such as clients, architects, engineers, main contractors, subcontractors, suppliers and consultants, as well as the physical flow of materials, services and products. Any delay in delivering precast concrete components to a construction site will delay the construction processes thus increase the costs [8] . Coordination among project participants has been recognized as an important ingredient for the success of many projects [9] . Coordination is almost equivalent in meaning to 'control,' 'planning' or 'management,' but is more descriptive of the relating together of separate activities and their concerted direction towards a common purpose. It is supported by an argument that coordination as one of the principal functions of management, together with planning, organizing, directing and controlling. Moreover, it is also observed that active coordination could minimise, predict and remedy problems caused by design construct lead time, materials availability, manpower, and equipment availability.
Coordination in construction industry
The construction industry is critically being suffered from fragmentation issues. Clients, contractors, engineers, quantity surveyors are among the construction parties which directly contact with the construction activities and procedures. Nevertheless, each of the parties is not motivated to collaborate harmonically by self-voluntary [10] . The fragmentation which occurs in the construction industry requires continuity of coordination due to the construction activities are intertwined in nature. Otherwise, it will lead to poor performance of overall construction [11] .
Coordination among stakeholders is claimed as a crucial element of the success of construction projects [9] . It is also one of the seven identified management processes besides forecasting, planning, organizing, motivating, controlling and communicating [9] . Coordination is also being defined as closely identical with the definition of control, planning or management. However, coordination is interpreted as more explanatory in collaborating different activities and their intensive focus in an achieving a common purpose [12] . Besides, coordination is also one of the three important functions in the building process together with design and construction [12] . These arguments on defining the coordination have deduced that coordination represents as an indispensable element in managing construction project holistically.
Coordination should be done continuously and it is required at all management levels. It shows that the management responsibility is essential in applying and following up the coordination activities. If any organisation in construction industry fails to coordinate its activities well continuously, the organisation might end up being unsuccessful for a long period [13] . This depiction shows that coordination is the quintessence of management and management functions cannot be achieved by the absence of proper coordination.
The importance of coordination in building construction is highly being recognised by construction players as a result of previous researcher's outcome. Coordination is designated to assist stakeholders in completing and complementing each other with the paramount focus of achieving the objective. The proper coordination activities as tools in managing coordination are required in supporting the desired meeting construction product and performance at the ideal time, cost and quality.
Barriers for coordination
Collaborating personnel from a different background is always deemed to contribute to fragmentation issues. The fragmented environment of the construction projects is one of the reasons of the poor performance. This is because most of the construction activities are interdependent and as a remedial action, coordination should take place in a continuous manner [14] . In describing the actual event, relationship based on prejudice between construction stakeholders is one of the industry predicament that influences the coordination process negatively [11] . It can be seen by many activities are performed in the project where if any of the parties come out with a different idea, the project stability is disturbed. The cooperation among the parties is expected to be insufficient and coordination should come into scene to mitigate the problem [10] .
The source of the difficulty of construction projects management derives from the interdependent relationship between the parties. It is depicted with the lack of compromise between organisation and technical interdependence with the one who manage the activities [12] . In addition, lack of knowledge is also being argued as the obstacles of coordination. The ability of the parties will be in question while they are refuse to take part in the process. This circumstance is worsened by the communication issues which lead to the breakdown of information flow and failure of coordination process in project management [10] .
The main impediment of the coordination application in the construction industry is mainly originated by the nature of being too dependent among project stakeholders and also among the process. Different 'language' and negative perception among the parties have led to communication problem which contributes to failure in achieving project objectives. precast concrete to be produced, what facilities needed to deliver the component and when the installation process will be carried out on the site should be taken into consideration. However, this planning decision should be performed in such a manner that the cost incurred is minimum. Another argument also supports that planning process involves obtaining and providing all documents and reports related to supply chain phase of precast construction [16] , which including; design; manufacturing; cost analysis; transportation; installation and construction [17] . This is further supported by Yusof et al., [18] which mentioned that extensive planning and scheduling of activities in advance is crucial in achieving better project delivery and coordination of IBS project besides being recognised as one of the key success factors for IBS project which also apply to IBS precast concrete construction.
Design
The design of precast concrete component should be conducted thoroughly and carefully to avoid the design changes during construction. The design process should take into account the project's nature, regarding all its characteristics, surrounding environment, and ground conditions rather than only concerned with client need [19] . The most important process in design includes outline technical specification; design sketch; initial cost plan; provisional list of drawings required; and provisional list of annotations for drawings [20] . Kaner et al. [21] stated that all regulations, materials, drawing and appropriate building codes will be established. Furthermore, the quantities, cost estimations, time-scheduling will be prepared by designers and consultants [22] . Besides, the use of computer software such as BIM (Building Information Modelling) will help to enhance design analysis and components production. In the context of IBS precast concrete, standardisation towards process and design is an emphasis in utilising the concept of repetition [18] . These process and measures are important to be well-coordinated in order to convey accurate concept for the manufacturing process.
Manufacturing
Precast concrete components manufacturing process consist of several sections includes of raw materials selections, [23, 24] , batching plant, casting and moulding zone, remoulding and finishing zone, packaging, transportation and the storage yard [25] . These processes manage to act as remedial action to diminish any non-value adding activities such as wastage of raw material; improper handling; long waiting time due to insufficient labour and raw material; double-handling or delivery due to unsatisfied quality or specifications should be avoided [23] . Peng [23] , mentioned that manufacturing activities in precast concrete factories could be identified into four phases, includes of site layout management, delivery management of raw materials, production management, and stock management.
Transportation
Transportation issues are one of the challenges in managing IBS construction. The issues normally associated with size and weight limitations, route restrictions, permitting and the availability of lifting equipment [26] . Transportation management should concentrate on the construction schedule, site layout, cost of plant and the design of plan [27] . Transportation consideration will influence the design of precast components such as size and weight. Based on the study made by Warszawski [28] , the length of a volumetric unit should not exceed 12 meter which is the normal vehicle length. The precast components' height, when loaded on the trailer, should not exceed a height limitation of highway ranging from 4.8 to 5.1 meter. The weight of precast concrete component should not exceed 7 tonnes to ensure that a crane can easily erect and transport the material on site [29] . Furthermore, the suitable distance of fabrication plant from development area should be from 50 to 100km, based on the study made by Azman et al., [29] . These considerations are established with the purpose to promote efficient and effective transportation with proper coordination in transferring the components from fabrication plant to site.
Installation and construction
The reliability of precast concrete construction also depends on the expertise level of a labourer in carrying out the installation task. A thorough supervision, especially in jointing, should be executed to prevent a problem such as water seepage through precast concrete connection [30] . The installation drawings, time-scheduling and instructions which has been produced during a planning phase should be followed accordingly [31] . Furthermore, the delivery process of the precast concrete component to the site should have a continuity and just in time to avoid delay in the installation process and buffer stocks kept on site. As for handling purposes, a tower crane and mobile crane will be used for unloading and placing the component on site as well as for installation [30] . The loading capacity of hoists and cranes for installation of precast concrete components need to be considered based on their weight and size [32, 30] . High accuracy and efficiency when handling IBS components are essential by properly coordinate them during installation and storage [33] with the purpose to avoid a serious problems such as delay and wastage.
Discussion
Coordination plays an important function having a considerable effect on the outcome of a construction project. This paper highlighted five phases of coordination based on the critical review of previous researchers regarding construction coordination and precast concrete which includes of planning, design, manufacturing, transportation and installation/ construction.
It is argued that planning phase is the important process where all the documents for all coordination phases would be provided. A variety of reports such as design component, production resources, cost analysis component, installation schedules, bill of quantities, shop drawings and construction drawings are among other reports that will be provided in planning phase. All of these reports are needed to be well-coordinated in order to avoid fragmentation issues in the production of precast concrete.
Meanwhile, design phase also plays a vital process throughout the precast concrete production. In the design process, the designers together with manufacturer and contractor should be involved to avoid constructability issues in future such as delay, late of supply, etc. The technical specification and regulations, types of materials, drawings and the appropriate building codes will be developed. All the drawing produced such as M&E, C&S and architectural drawing should be aligned to avoid disparity. The detailing of structural including joints and connections should also be put into consideration in the design of precast concrete components. All of these processes are required to reduce the errors and discrepancy throughout the precast concrete production, thereby mitigating the delay and incurred cost of rework.
As for manufacturing phase, the precast concrete components are carried out in a factory and systematically done using machine, formwork and other forms of mechanical equipment. The manufacturing process will be categorized into several significant sections consisting of the selection of raw materials, batching plant, moulding zone, finishing zone, packaging, and the storage yard. Besides, crew allocation in every section should be optimised in order to minimise idle times caused by sharing operatives. All of these activities which involved material and human resource should be coordinated wisely to minimise resource wastage and reduce defects and errors in precast concrete production.
The transportation and delivery of precast concrete component should be planned according to the appropriate delivery schedule, quantities, arrival orders, unloading sequences and erection sequence to minimise unnecessary site storage and handling. The transportation of large panels or components is also subject to the restriction of traffic congestion and regulation of the road and transportation authority. The limitations must be taken into consideration when designing and manufacturing a precast concrete system. Where possible, the precast concrete components should be arranged and transported in a manner which they can be easy lifted directly from the lorry for the erection or storage. All these considerations are needed to ensure the precast concrete component can be transported and delivered in efficiently and effectively.
In the installation/construction phase, all the precast components will be installed/assembled based on the appropriate documents which are produced in the planning phase. The installation process should be conducted by the skilled labourers who have expertise in the precast concrete components to avoid poor performance on the structures such as crack, moisture penetration, etc. It is also argued that good integration between all construction members is essential to the successful precast concrete construction. A suitable plant with appropriate loading capacity should be available to use for the site storage and installation of precast components. All these considerations should be well-coordinated to avoid improper assembly of the components thus reduce the defects of the precast concrete construction.
By scrutinising these coordination phases for precast concrete system, it highlights on the apparent gap between the precast concrete system with the significance of associating coordination alongside with the system activities. The coordination activities play important roles in addressing the shortcoming of precast concrete system operation. They also raise up the importance to understand the characteristics of precast concrete system which normally have a relation to the impediment of successful precast concrete system operation. Hence, it is argued that coordination is capable of mediating the deficiencies of precast concrete system.
Conclusion
IBS is widely recognised by construction players in Malaysia since its first implementation in the 1960s. Nevertheless, most of the construction project is still carried out in conventional ways due to the absence of coordination in the overall construction process. Coordination is perceived as a paramount element in precast concrete construction. Lack of coordination between design and construction will give adverse effects on construction such as delay and cost overrun. The significance of coordination for IBS precast concrete can be seen through the precast concrete construction phases consist of planning; design; manufacturing; transportation; and installation/construction. These phases are meant to harmonise construction process with the purpose to reduce issues of fragmentation and enhance IBS precast concrete project delivery. Further research is required to identify and verify important coordination activities through precast concrete construction phases and their relationship with precast concrete characteristics. 
